Argan oil is extracted from the kernels of argan fruits that have been sun-dried for either a few days or up to several weeks. The influence of the fruit drying time on the quantity, quality, and preservation of solvent-extracted argan oil was compared with press-extracted argan oil. Quantitatively, the time necessary for efficient fruit peeling and the amount of extracted oil were determined with regard to the fruit drying time (0 to 28 days). Argan oil quality was studied using, as markers, moisture content, specific extinction, acid index, peroxide index, fatty acid composition, and Rancimat oxidative stability. Oil from fresh fruit presents a high moisture content, high acidity and peroxide values, and short shelf life. Ten to fourteen days of sun-drying is optimum to obtain high quality argan oil.
Argan oil is extracted from the kernels contained in the nuts of the argan tree, Argania spinosa (L.) Skeels [1] , which is endemic to only Morocco [2] . To stop argan forest decline and stimulate its economy, systematic phytochemical analysis of A. spinosa was initiated several years ago. The very intensive work that was carried out led to the isolation of numerous secondary metabolites [3] [4] [5] [6] [7] . However, the expectation raised and the economic goals set were never achieved. Presently, the phytochemical program has been terminated and the sustainable development of the argan forest is almost entirely based on argan oil, which is used for culinary and cosmetic purposes [8] [9] [10] . Edible argan oil is the basis of the "amazigh diet" [11] and is prepared by cold-pressing roasted argan kernels. It possesses hepatoand cardio-protective properties [12] , but could be useful to prevent other diseases [13] . Beauty and cosmetic oils are prepared from unroasted kernels by either cold-pressing or solvent extraction, respectively. Solvent-extracted oil has no odor and its reproducible yellow-light color is valued to prepare cosmetics. However, it contains a lower level of natural preservatives, so its shelf life is limited compared with that of press-extracted oil, which can be used for up to two years [14] . Beauty and cosmetic argan oils have hair and skin protective properties [12] .
Argan fruit and kernel quality is an essential factor impacting on argan oil quality. The oil preparative process includes fruit picking, sun-drying, peeling, kernel collection, storage, and oil extraction.
Regarding fruit collection, concerns come from goats that often freely circulate in the argan forest where they eat the fruit peel and then regurgitate the nuts. Collection of argan kernels from goat-regurgitated fruit is tempting in order to eliminate the peeling and sun-drying steps. However, this improper practice leads to oil of poor quality [15] . Therefore, only fruit surrounded with its peel must enter into the oil extraction process. If so, argan oil presents good stability [16, 17] and quality [18] [19] [20] [21] [22] profiles. Methods detecting adulteration with cheaper oils [23, 24] also contribute to ascertain oil quality. Regarding kernel storage, we have already shown that only storage at 4°C is suitable for long-term kernel storage [25] . Sun-drying the fruit and fruit peeling are two steps that should be carefully monitored. Prior fruit drying is necessary for efficient removal of the sticky, latex-rich peel of fresh argan fruit.
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Fruit peeling is a time consuming task that gets easier when the peel is dry. Argan fruit retailers dry the fruit by leaving a shallow layer in a sunny place for up to 4 weeks. However, in a subtropical country such as Morocco, a prolonged fruit drying-time (FDT) can result in oil oxidation or deterioration and hence poor quality oil. This is particularly bad for solvent-extracted oil for which optimum kernel quality is necessary. The aim of this research was to correlate precisely 1) fruit depulping efficiency, 2) oil physico-chemical parameters, and 3) optimum FDT.
Mechanical peeling of fresh argan fruit (FDT 0 ) was impossible because of the high latex content of the peel. Peeling yield still remained poorly reproducible when sun drying was between one and six days (data not shown). However, after one week of sun drying, the color of the peel turned brown and the fruit could be mechanically peeled with a reproducible yield of 71% (Table 1 ). Prolonged FDT led to an increase in fruit peeling yield. Indeed, after 3 weeks of sun drying, the black peel easily crumbled and the peeling yield reached 88%, a value not significantly different from that obtained after 4 weeks (92%) of sun-drying. Consequently, for efficient peeling, FDT longer than 3 weeks is unnecessary.
Then we investigated argan oil fatty acid composition more closely. Comparison of the level of the four main argan oil fatty acids indicated no significant variations (Table 1) , establishing the lack of influence of FDT, over 4 weeks, on the fatty acid distribution.
Though argan nut is hard to break, its hull constitutes a porous shield. Consequently, peel drying also results in kernel drying. Therefore, we investigated the residual moisture content of each kernel sample to compare the peel and kernel drying kinetic and possibly identify pro-oxidative delays. In fresh fruit kernels (FDT 0 ), the moisture content was 17% ( Table 2 ). After one week of sun-exposure (FDT 1 ), the kernel moisture content was 4%, a value not significantly different from that of the steady state (2.5%) reached after three weeks.
These results show that dried kernels are obtained faster than dried peel fruit, likely to be as a consequence of the initial smaller amount of moisture contained in the kernels, compared with the fruit peel.
Oil extraction yield can be affected by FDT. As shown in Table 2 , similar yields were obtained for all five samples. Reported yields include a correction for the varying moisture content of the samples and are reported on the basis of dry weight. Our results clearly show that prolonged FDT does not quantitatively modify the oil level in argan kernels. Values are the mean of 3-5 determinations ±S.D. a-c Means with different superscripts in the same row are statistically different (p<0.05). Values are the mean of 3-5 determinations±S.D. a-c Means with different superscripts in the same row are statistically different (p<0.05).
Qualitative impact of FDT was then examined using acid and peroxide value, specific extinction, refractive index, and Rancimat of each sample.
All oil samples except FDT 0 showed an acid value of 0.3 or 0.2. The FDT 0 acid value was 1.1, a value that should be related to the fresh kernels' high moisture content. Indeed, it is very likely that kernel grinding induces the lipid-storage vacuole breaking, followed by triglyceride hydrolysis, possibly lipase-assisted. Consequently, concomitant to fruit drying, kernel drying appears to be an important step in obtaining a low acid value and FDT should be long enough to ascertain sufficient kernel drying. Furthermore, peroxide values corroborated this observation since FDT 0 showed the high peroxide value of 8.2 (Table 2 ) compared with other samples that displayed much lower and homogeneous values (2.1 to 2.5). Though all samples satisfy the official norm for the peroxide value [28] , that observed for FDT 0 is by itself worrisome for the preservation of this oil sample. As for the high acid value, the high peroxide value for FDT 0 is likely to result from oxidative processes occurring swiftly in the presence of high levels of moisture during kernel grinding.
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Specific extinction at 232 and 270 nm, and the refractive index were only moderately influenced by FDT ( Table 2) . Primary oxidation product marker (K 232 ) values observed for FDT 0 were slightly higher than that observed at longer FDT. However, determination of the hydroperoxide decomposition rate as a function of FDT is difficult to quantify.
Oxidative stability of argan oil samples was found to be highly sensitive to FDT. For sample FDT 0 , a very short Rancimat induction time of 7.9 hours was obtained ( Table 2 ). Sample FDT 1 displayed by far the best oxidative stability (induction time of 35.9 hours) that slowly decreased to 18.7 hours for FDT 4 . The short induction time observed for FDT 0 can be related to the high peroxide value of this sample. However, the peroxide value of FDT 1-4 is quasi-stable whereas the Rancimat induction time decreases regularly. This suggests the involvement of molecules other than peroxides in the oil oxidative process. Water appears to be the most obvious incriminating molecule, but its direct involvement still needs to be demonstrated.
Cumulatively, our results indicate that a FDT of 1.5 to 2 weeks is sufficient to satisfy the needs required for the production of high quality argan oil. Shorter FDT induces poor peeling yields and affords oil with poor physico-chemical and preservation parameters. FDT longer than 2 weeks does not lead to a significant improvement of the fruit peeling easiness, oil quality, and even leads to oil with sub-optimum properties and reduced preservation time.
Experimental
Chemicals: All the reagents were of either analytical or HPLC grade and purchased from Professional Labo (Casablanca, Morocco). Sample preparation: On harvest day, 12 kg (FDT 0 ) of collected fruit were manually hulled. Then, argan nuts were rapidly broken and all analyses were performed during the harvest day. The remaining fruit (68 kg) was divided into 4 equal batches that were sun dried then sampled after 7, 14, 21, and 28 days affording samples FDT 1 , FDT 2 , FDT 3 , and FDT 4 , respectively. Partially or fully dried fruit was mechanically hulled (SMIR Technotour, Agadir, Morocco). Peeling yield was calculated as: (initial mass of fruit-mass of unpeeled fruit) x100/ initial mass of fruit.
Materials
Oil extraction: For each analysis, approx. 600 g of kernels were collected then ground using a blender at high speed for 2 mins. Oil extraction was performed according to the AOCS Official method Am 2-93 [26] . About 20 g of ground kernels were extracted for 8 h using a Soxhlet apparatus and n-hexane (100 mL) as extraction solvent. N-Hexane was removed in vacuo.
The obtained oil was stored at 4°C until further investigation.
Analytical methods: Kernel moisture content was determined according to the standard method of the Association of Official Analytical Chemists [27] using 5 g of ground argan kernels that were placed in a forced draft oven, temperature-controlled at 103.0±2.0°C until constant weight. The analysis was performed in triplicate.
The oxidative stability of each sample was determined as the induction period (IP, h) recorded by a 743 Rancimat (Metrohm, Switzerland) apparatus using 3 g of oil sample. Samples placed into Rancimat standard tubes were subjected to the normal operation of the test by heating at 110°C with an air flow of 20 L/h. Acidity, peroxide value, UV light absorption (K 270 and K 232 ), fatty acid composition, and refractive index were determined and statistically analyzed as previously described [19] .
Statistical methods:
The reported results are the average value of at least 5 independent measurements. The results are shown as mean values. Standard deviations are indicated as a percentage of the mean value. The differences between the plots in each parameter for different oil samples were analyzed using the analysis of variance, after the homogeneity of variance had been tested (significance level P=0.05).
